Background: Brief alcohol intervention may improve outcomes for injury patients with hazardous drinking but is less effective with increased severity of alcohol involvement. This study evaluated a brief method for detecting problem drinking in minor trauma patients and differentiating hazardous drinkers from those with more severe alcohol problems.
INTRODUCTION
Heavy alcohol consumption is the major preventable cause of injury resulting in an emergency department (ED) visit; however,many alcohol-related injuries occur in people who drink in a hazardous manner without meeting criteria for alcohol dependence. 1, 2 Because such hazardous drinkers are excellent candidates for a brief intervention (BI) aimed at decreasing future alcohol-related problems, screening and BI has been recommended for ED patients. 2, 3 This brief counseling process typically involves feedback about alcohol use, an emphasis on responsibility to change drinking, advice on drinking goals, suggestions on how to achieve drinking goals, empathy on the part of the provider, and support of the patient's self-efficacy. 4 While BI is effective for hazardous drinking, persons with more severe alcohol involvement are less likely to respond to BI alone, and may benefit from referral to an addiction treatment facility or self-help group. 5 Implementing efficient methods for detecting hazardous drinking and assessing the severity of alcohol problems would thus improve the quality of care for patients with alcohol-related ED visits. This is particularly true for patients with minor trauma who do not require hospitalization. Their relatively short ED stay represents an opportune time to detect and start treatment for problem drinking. 6 The Rapid Alcohol Problems Screen (RAPS) is a fouritem instrument that has been validated in EDs for the detection of alcohol use disorders (i.e., alcohol abuse and dependence by American Psychiatric Association criteria). 7 An extended version, which includes two alcohol use quantityfrequency (QF) items, is referred to as the RAPS-QF. 8 The QF items note the presence of heavy drinking days during the past year, and the presence of at least monthly drinking during the past year. This instrument has good sensitivity and specificity for hazardous drinking and for alcohol use disorders, with a positive response to both QF items indicating hazardous use, and any positive RAPS items suggesting an alcohol use disorder. The National Institutes of Health (NIH), in recognition of the value of brief screening in medical settings, has recommended the use of a heavy-drinking-day item alone for initial screening in healthcare settings, with additional assessment for those with one or more heavy drinking days in the past year. 9 The same heavy-drinking-day item, using a three-month rather than 12-month time horizon, has been studied in ED settings, and has good sensitivity and specificity for detecting hazardous drinking or alcohol use disorders in combination, but not for differentiating between these conditions. 10 We undertook this study to further evaluate the use of the NIH-recommended heavy-drinking-day screening item, followed by the RAPS in minor trauma patients. Our main hypothesis was that patients with positive heavy drinking days but a negative RAPS would have a low severity of alcohol problems, while those with heavy drinking days and a positive RAPS would have a greater severity of alcohol problems. If so, this would further support the combined use of these brief screens as a tool for detecting hazardous drinkers most likely to respond to BI, while also determining who may benefit from referral for additional alcohol assessment as a component of their discharge planning.
METHODS

Recruitment
Subjects included a convenience sample of minor trauma patients age ≥ 18 presenting to an academic urban ED for treatment. Most subjects were recruited during the work week between 8 AM and 6 PM when part-time research staff were available. Minor trauma was defined as an acute injury not resulting in hospitalization. Potential subjects were asked by healthcare personnel if they had consumed any alcohol in the past month and, if so, were they interested in hearing about a research survey for which they would receive $25 for participating, if eligible. Patients who had consumed any alcohol in the past month, who were not currently intoxicated (i.e., blood alcohol content <0.08 mg/dL as estimated by breathalyzer, alcoSensor FST, Intoximeters, St. Louis, Missouri), who could converse in English, and who expressed interest in participating were approached by research staff for additional study description and to obtain informed consent. In those providing consent, all data were collected prior to ED discharge. The protocol was approved by the university human subjects committee.
Description of the screening instrument
The screening instrument consisted of five items (Table  1) . Subjects were provided with the definition of a standard drink before completing the screen. The initial item was the NIH-recommended screen for hazardous drinking, and is similar to the heavy-drinking-day item in the RAPS-QF. 8, 9 Regardless of their response to the heavy-drinking-day item, all subjects then completed the four RAPS items. 7 We considered a positive response to the heavy-drinking-day item (i.e., ≥ 1) indicative of hazardous drinking, and any positive response on the RAPS indicative of more severe alcohol problems.
Reference standard for estimating current hazardous drinking
Past 30-day alcohol use was assessed using Alcohol 
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A positive response to item 1 (i.e., the NIH-recommended heavy drinking day item) indicates "hazardous" drinking. A positive response to any of the remaining 4 items (i.e., the Rapid Alcohol Problem Screen) indicates an increased probability for serious alcohol problems.
Timeline Followback methodology. This calendar-based method uses memory cues to obtain a daily drinking log from patient recall. 11 Hazardous drinking is defined by the World Health Organization as drinking that increases risks for adverse health events. 12 While there is no specific cutoff for defining hazardous drinking, it is often operationalized as drinking in excess of health-related guidelines. Based on United States dietary guidelines, women who averaged more than one drink per day during any seven-day period in the past month, or consumed more than three drinks on any drinking day, were considered hazardous drinkers. 13 For men, the cutoff was averaging more than two drinks per day during any sevenday period or consuming more than four drinks during any drinking day. A "drink" was defined as 14 grams of ethanol, and was calculated from the amount and type of beverage consumed. For example, this is the amount of ethanol in 12 fluid ounces of beer containing 5% ethanol, or 8 fluid ounces of malt liquor containing 8% ethanol.
Reference standard for estimating severity of alcohol involvement
The severity of alcohol problems was estimated with the Alcohol Dependence Scale (ADS).
14 This 25-item survey includes questions for estimating elements of an alcoholdependence diagnosis, including tolerance and withdrawal, impaired control, and compulsivity of drinking behavior. The possible scoring range is 0 to 47, with higher scores correlating with increasing severity of alcohol problems. 14, 15 Estimating the accuracy of alcohol self-report Percent carbohydrate-deficient transferrin (%CDT) was used to assess the accuracy of self-reported alcohol consumption, and particularly heavy consumption. Averaging roughly 50 to 60 grams of ethanol or more per day (about four drinks or more as defined for this study) can result in an alteration in the glycoprotein transferrin, which normally has three to six terminal sialic acids on two carbohydrate side chains. Percent CDT consists of the less sialylated isoforms divided by total transferrin, and a level ≥ 2.6% is approximately 65% sensitive and more than 90% specific for heavy drinking within the past 2-3 weeks. 16 We measured %CDT in plasma using the Bio-Rad %CDT assay at the Clinical Neurobiology Laboratory of the Medical University of South Carolina.
17
Analysis
All analyses were completed with SAS statistical software v. 9.1 (SAS Institute Inc., Cary, NC).
Estimating utility of the screening instrument
We compared the heavy-drinking-day screening results to the alcohol timeline followback, and the RAPS to the ADS. Specifically, we assessed agreement between the heavydrinking-day item and a hazardous drinking categorization from the timeline followback using Fisher's exact test. The sensitivity and specificity of this item for hazardous drinking were also estimated. We compared ADS scores between groups with a negative heavy-drinking day and negative RAPS, a positive heavy-drinking day but negative RAPS, and a positive heavy-drinking day and positive RAPS using the Kruskal-Wallis test.
Estimating the validity of alcohol self-report
Using the Wilcoxon rank sum test, we compared the total number of drinks on the 30-day timeline followback, and total number of past-year heavy-drinking days from the screening item, between those with and without a positive %CDT. We also calculated Spearman correlation coefficients between these drinking measures and %CDT.
RESULTS
Research staff approached 166 potential subjects over a four-month period to recruit the 60 (36%) study participants. The major reasons for non-participation included no reported drinking in the past month (n=46), not interested in participating without providing a specific reason (n=39), and blood alcohol concentration above 0.08 mg/dL (n=8). The characteristics of the 60 participants are listed in Table 2 . The majority of the patients were less than 35 years of age, with males and females equally represented. Most endorsed at least one heavy-drinking day in the past year, and roughly half of the sample had a positive RAPS result.
Percent CDT findings supported the accuracy of selfreported alcohol consumption. We correlated % CDT with the total number of drinks in the past month (r=0.38, p=0.003)
Identification of Problem Drinking
Stewart et al. and total number of heavy-drinking days in the past year (r=0.48, p<0.001). In addition, those with a positive %CDT (n=18, 30%) consumed a median of 164 drinks in the past month, while those with a negative %CDT (n=42) consumed a median of 13 drinks in the past month (Wilcoxon rank sum test p<0.001). Individuals with a positive %CDT reported a median of 209 heavy-drinking days in the past year, while those with a negative %CDT reported a median of six heavy days (Wilcoxon rank sum test p<0.001).
The heavy-drinking-day item was predictive of hazardous drinking (Fisher's exact test p<0.001), with a sensitivity of 100% and specificity of 85%. The imperfect specificity reflected past-year heavy-drinking days on the screening item in patients without past month hazardous drinking on the timeline followback. The median ADS score in patients with a negative heavy-drinking day item (n=12) was 0.5 (interquartile range 0 to 2); in patients with a positive heavydrinking day item but negative RAPS (n=20), median ADS was 2 (interquartile range 1 to 3); in patients with a positive heavy-drinking day item and positive RAPS (n=28), median ADS was 8 (interquartile range 5 to 15). These scores were significantly different (p<0.001). Pairwise comparisons were also significantly different (for comparing the heavy-drinking item negative group to the heavy-drinking positive/RAPS negative group p=0.027; p<0.001 for the other pairwise comparisons).
DISCUSSION
This study evaluated the use of the NIH-recommended heavy-drinking-day item and the RAPS for detecting minor injury patients with potentially problematic alcohol use, and subsequently estimated their severity of alcohol problems. Results support the use of the heavy-drinking-day item for detecting hazardous drinking, and the utility of the RAPS in identifying patients who merit additional assessment for alcohol problems.
The utility of the heavy-drinking-day screen has been supported in prior ED-based research, and the RAPS has been clinically validated as a screen for alcohol dependence in ED patients. 7, 10 In addition, the RAPS-QF includes two items on heavy-drinking days and frequency of drinking, rendering it appropriate for both hazardous drinking and alcohol dependence screening. 8 Our results support the use of the RAPS-QF, or RAPS with the heavy-drinking-day item alone, in those endorsing any alcohol use for identifying hazardous drinkers and estimating the severity of their alcohol problems. Since any heavy-drinking day identifies drinking in excess of health-related guidelines, 13 patients with a positive heavydrinking-day item should receive a brief intervention. This may be sufficient treatment given a negative RAPS, although additional study is needed to confirm this hypothesis. Prior research in large probability samples found that a positive RAPS was 87% specific for alcohol dependence in ED patients. 7 Results of this study are consistent with this finding, indicating a relatively low level of alcohol problems in RAPS negative patients, and a relatively higher level of problems in those with a positive RAPS. For these patients, referral for additional diagnostic assessment and possible treatment may be indicated, although additional study is also needed in this regard.
LIMITATIONS
Strengths of this study include assessment of a genderbalanced group at high risk for alcohol problems, who require accurate risk stratification during a relatively brief exposure to the healthcare system. The main limitation is the assumption that RAPS negative persons are appropriate for BI alone, while RAPS positive persons require additional assessment and possibly treatment. While this is a reasonable approach to implement in the ED, stronger evidence would require a controlled trial. An additional limitation was our reliance on self-reported consumption, the accuracy of which can be threatened by intentional underreporting or other sources of bias. 18 However, the validity of self-reported consumption was objectively supported by %CDT results. Finally, the recruitment process may have biased our results. The subjects were not chosen at random or explicitly selected to provide a representative sample, and it is possible that results would differ for the general population of minor trauma patients. Also, some hazardous or even dependent drinkers may have been excluded if they had not consumed any alcohol during the month preceding their ED visit.
CONCLUSION
Brief alcohol interventions are effective in individuals who drink too much at times but are not alcohol dependent, and constitute an important component of care for ED patients. The current study suggests that the use of the NIHrecommended heavy-drinking-day screen, followed by the RAPS in those with heavy-drinking days, is a time-sensitive means for detecting hazardously drinking patients who merit BI, and also risk stratifying these patients to gauge who should be referred for evaluation by an addiction specialist.
